Chickpea (Cicer arietinum L.), the third most widely produced food legume in all over the world, is consumed for its protein-rich seeds especially in developing countries. According to seed morphology, cultivated chickpeas are of two types as desi and kabuli. There is a growing interest if extracts obtained from chickpea grains might be used as a source of natural antioxidants and antimicrobials such as phenolic or flavonoid compounds. The objective of this work is to investigate the total phenolic, flavonoid and protein contents of a desi (ICC 3996) type and three kabuli (Seçkin, İnci and Hasanbey) types of chickpea seeds. Analyses were performed in extracts of 24 hours imbibed grains. The Folin Ciocalteu procedure was used to assess the total phenolic amounts while the total flavonoid content was measured with an aluminium chloride colorimetric assay. Total protein concentration was determined according to the Biuret method. Desi type exhibited the lowest protein content whereas İnci had the highest levels of total protein among kabuli types. Total phenolic content of desi type was significantly higher than other genotypes (P≤0.05). Seçkin showed lower flavonoid content than all other genotypes including the desi type. The results revealed that despite Turkish genotypes were richer in protein level, desi type was still valuable for its high total phenolic and flavonoid amounts.
Introduction
Chickpea (Cicer arietinum L.) is a leguminous plant known to contain high nutritional properties, due mainly to its seed protein content [1] . As an annual grain legume, it is important not only for its highly nutritive value but also for its ability to maintain soil fertility by fixing atmospheric nitrogen [2] . It is the world's third most important food legume crop [3] . It is cultivated throughout the world, including the Mediterranean basin, the Near East, Central and South Asia, East Africa, South and North America and Australia [4] . India, Turkey and Pakistan are considered as the major chickpea producers [5] . Based on their seed color and geographic distribution, chickpea biotypes are divided into two distinct groups as kabuli and desi [6] . In India and Pakistan, the chickpeas grown are Desi type, whereas Kabuli type chickpeas are grown mainly by Turkey [7] . Desi (originated from India) cultivars have small, wrinkled and dark coloured seeds and Kabuli (originated from Mediterranean and the Middle East) cultivars have large, smooth coated and white to cream coloured [8] .
Chickpea seeds are used for food and feed purposes, not only for excellent nutritional value but also for rich bioactive compound contents, such as phenolics and flavonoids [9] . Phenolic compounds are secondary metabolites that are the most widely found groups of phytochemicals in plants. These It was shown that kabuli seeds are more nutritive in respect to their protein content [8] , however, chickpeas with dark seed coat (desi) are known for their higher antioxidant activity, arising from the phenolics fraction [4] . To the best of our knowledge, only a few studies have investigated these properties of chickpea seed flour. The objective of the current study was to compare the total phenolic content (TPC), total flavonoid content (TFC) and total protein content in a desi and three Turkish kabuli chickpea genotypes.
Materials & Methods
In the present work, grains of a desi (ICC 3996) type and three kabuli (Seçkin, İnci and Hasanbey) types of Cicer arietinum were screened spectrophotometrically for their total phenolic, flavonoid and protein contents. The seeds of all genotypes were obtained from Eastern Mediterranean Agricultural Research Institute, Adana, Turkey.
Seeds were surface sterilized in 2% sodium hypochlorite (NaOCl) solution for 20 min. Thereafter, they were washed and imbibed with distilled water. Seeds were grounded into flour by using an electric grinder. Powdered seeds were extracted and analyzed for the total phenolic and flavonoid contents according to Marinova et al. (2005) [19] . 0.5 g ground sample obtained from 24 hours imbibed grains was weighted for extractions. Phenolic and flavonoid compounds were extracted with 50 ml 80% aqueous methanol and were sonicated for 20 min. An aliquot (2 ml) of the extracts was centrifugated for 5 min at 14 000 rpm. The Folin-Ciocalteu assay was used to determine the total phenolic content of seeds. 1 ml of extract was added to 25 ml volumetric flask, containing 9 ml of distilled deionized (dd) water. A reagent blank using dd H2O instead of the extract was prepared. One millilitre of Folin-Ciocalteu's phenol reagent was added to mixture and flask was shaken thoroughly. After 5 min, 10 ml of 7% Na2CO3 solution was added to mixture. The solution was diluted to 25 ml volume with dd H2O and the mixture was allowed to stand for 90 min with intermittent shaking at room temperature. The absorbance against blank was measured at 750 nm with a (UV mini 1240 Shimadzu) spectrophotometer. The same procedure was repeated to all standard solutions of gallic acid (20-100 mg/l) and a standard curve was obtained. Total phenolic content of seeds was calculated as mg gallic acid equivalents ((GAE)/100 g of extract) using the regression equation between gallic acid standards and A750. All samples were analysed in triplicates.
Total flavonoid constituents of seed extracts were performed employing the literature methods involving aluminum chloride colorimetric assay and catechin as standard (10). 1 ml extract was added to10 ml flask containing 4 ml of distilled deionized water. A reagent blank using dd H2O instead of the extract was prepared at this stage. 0.3 ml 5% NaNO2 was added to the flask and the flask was vortexed immediately and waited 5 min. Then, 0.3 ml 10% AlCl3 solution was added to the mixture and waited 5 more min. At 6 th min, 2 ml 1M NaOH was added and the total volume was diluted to 10 ml with dd H2O. The solution was vortexed vigorously and absorbance was measured against blank at 510 nm with a (UV mini 1240 Shimadzu) spectrophotometer. All procedure was repeated to all standard solutions of catechin (20-100 mg/l) and a standard curve was obtained. Total flavonoid content of extracts was calculated as mg catechin equivalents ((CE)/100 g of extract) using the regression equation between catechin standards and A510. All samples were analysed in triplicates.
The total protein content of each extract was investigated using the Biuret method [20] . 0.5 g grounded material obtained from 24 hours imbibed grains was extracted in 1.5 ml potassium phosphate buffer (0.1 mM, pH = 7.5). The calibration curve was prepared with bovine serum albumin (0.1-1.0 mg/ml). Total protein concentrations were determined at 540 nm spectrophotometrically. Total protein content of extracts was expressed as mg/ml. The process was repeated three times for all extracts. The results obtained were statistically analyzed with the Student's T-test using a significance level of P≤0.05.
Results & Discussion
Chickpea is a good source of protein which constitutes about 80% of the total dry seed mass with carbohydrates [21] . Among the different grain legumes, chickpea has been reported to have a higher protein bioavailability [21, 22] . All data obtained from the total protein content analyses of genotypes varied significantly (P≤0.05). Total protein levels of genotypes ranged between 18.6 mg/ml and 27.1 mg/ml (Figure 1) . İnci exhibited the highest levels of protein among all chickpea genotypes while the desi type, ICC 3996, had the least level of 18.6 mg/ml. Among kabuli types, total protein amount of İnci was followed by Seçkin (21.9 mg/ml) and Hasanbey (24.1 mg/ml). Our results were in agreement with other findings. Kaur and Sing [23] , indicated that kabuli chickpea protein isolates showed significantly higher protein amounts than desi types. Moreover, Sharma et al. [24] , found out that crude protein content was higher in kabuli lines than that of desi lines. Besides their nutritional value, chickpea seeds contain various phenolic compounds [25] . Phenolic compounds are of particular interest because of their contribution to the seed colour and sensory characteristics as well as several biological properties [9] .
Total phenolic content of desi type was 128.8 mg GAE/100 g seed and was significantly higher than other genotypes (P≤0.05) (Figure 2) . Total phenolic levels of Seçkin, İnci and Hasanbey were 120.3 mg GAE/100 g, 122.6 mg GAE/100 g and 119.2 mg GAE/100 g, respectively. Among kabuli chickpea seeds no significant difference was observed in the total phenolic levels. On the contrary to our data, Maheri-Sis et al. [26] , found similar results in total phenolic content of desi and kabuli types. On the other hand, Sing and Jambunathan [27] , noted that polyphenolic compounds in desi seeds were more than twice that of kabuli. However, these compounds were in negative correlation with in vitro digestibility of protein.
One of the main groups of phenolic compounds found in grain legumes is flavonoids [9]. Significant differences were found in the total flavonoid content among the studied genotypes. In contrary to the total phenolics, Seçkin seeds showed the least total flavonoid content (109.5 mg CE/100 g) among all other genotypes ( Figure  3) . The total flavonoid level of ICC 3996 (116.2 mg CE/100 g) was close to those of İnci (114.3 mg CE/100 g) and Hasanbey (118.1 mg CE/100 g). Hasanbey had the highest total flavonoid content in kabuli types but there was no significant difference in flavonoid levels of Hasanbey and ICC 3996. Although Segev et al. [4] , pointed out that seed coat usually contains more than 95% of phenolics and flavonoids and coloured seeds contain these compounds much more than cream-and beige-coloured seeds, our desi type showed flavonoid content as much as kabuli types. 
Conclusion
Results verified that total phenolic level of chickpea grains may be associated with seed colour. Analysed chickpea genotypes can be considered as therapeutic functional foods due to their extraordinary reserve of bioactive compounds such as phenolics and flavonoids besides their rich protein content. In addition, chickpea seed flour can be used for an ideal complement to a healthy diet or to enrich the functional foods. However further studies are needed to monitor and characterize the other antioxidant properties in chickpea grains.
